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1.
$G$ . $G$ $\chi$ , $L=L(\chi)=\{\chi(g)|1\neq g\in G\}$
:
$sh( \chi):=\prod_{\ell\in L}(\chi(1)-\ell)$ . (1.1)
$L$ Galois $sh(\chi)$ , $|G|$
. ,
$\chi$ . , $sh(\chi)$ $|G|$
, $sh(\chi)$ ,) .
1. $sh(\chi)=|G|$ , $\chi$ type $L$ .
,
. , $L\not\subset \mathbb{Z}$ , Alvis-
Nowaza [1] . , $L\subset \mathbb{Z}$ .
, $sh(\chi+1_{G})=.sh’(\chi)$ ( $1_{G}$ $G$ ) , $–$
$(\chi, 1_{G})_{G}=0$ . .
1. $p_{G}$ $G$ , $\chi=\rho_{G}-1_{G}$ type $\{-1\}$ .
, .
2. type $\{\ell, \ell+1\}$ 2-transitive Frobenius .
3. type $\{\ell, \ell+2\}$ (cf. [2].) , type $\{\ell\ell|+3\}$
$Z(G)>1$ (cf. [5].)
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$L\subset \mathbb{Z}$ , $|L|$ $\chi$ rank . rank2
. $L=\{\ell, \ell+p\}$ $(p$ : , $\ell\in\{-1,$ $p-1\})$ ,
. $Z(G)>1$
. $p=3$ Nozawa-Uno [5] ,
. $\chi$ $G$
, 2008 6 [6] .
$(G, \chi)$ . :
1. $G$ $Z=Z(G)$ . $G$ type $\{\ell, l+p\}$
$(p$ : , $\ell\in\{-1,$ $p-1\})$ , $Z$ $p$ ,
:
(1) $|G|=p^{3}(p-1),$ $G$ ES $(p^{3}, p^{2})$ ,
(2) $G\cong Z\cross D(2p)$ ,
(3) $G\cong Z\cross PSL(2, q)$ with $q=p\pm 1$ or $q=2p\pm 1$ ,
(4) $G\cong Z\cross$ Sz$(q)$ with $q=p+1$ ,
(5) $p=5,$ $G\cong Z\cross$ PSL(3, 4),
(6) $p=3,$ $G$ $M_{22}$ or $A_{6}$ :2 triple cover,
(7) $p=3,$ $|G|=108,$ $G/Z$ : Frobenius,
$D(2_{I})$ $2_{I)}$ , ES $(I^{3}, q)$ $I^{3}$ , exponent $q$ .
, (6) $A_{6}$ :2 9 Mathieu ( $JVl_{9}$ .










[6] . , $p$
. $\chi$ type $\{\ell, l+p\}(l\in\{-1,1-p\})$ , $G$ $Z$ $p$
. , $Z=\langle z\}$ .
2.1 $\chi$ $\psi_{I}\theta_{i}$
, $\chi$ type $\{a, b\}(a, b\in \mathbb{Z})$ $\chi$ $(\chi, \backslash ’)_{G}$
$(\chi, \chi)_{G}=1-ab$ (2.1)
. $L$ , $(\chi, \chi)_{G}=p$ .
$\chi$ $p$ , $\chi$ .
1. $G,$ $\chi,$ $Z$ 1 ,
$\iota=\psi+\theta_{1}+\theta_{2}+\cdots+\theta_{p-1_{\mathcal{X}}}$. (2.2)
$Z\leq Ker\psi,$ $\{\theta_{i}\}$ : Galois (2.3)
$\chi$ .
1 , $\psi$ $\theta_{i}$ $(\chi, \chi)_{G}=p$ .
, (2.2) $p\not\in\{-1,1-p\}$ . ,
$\psi$ $\theta_{i}$ . , 1 $\ell\in\{-1,1-p\}$
, $\psi$ $\theta_{i}$ .
$\ell$ . , 2 .
$\psi,$ $\theta_{i}$ , $p’-$ .
.
, $k,$ $\gamma,$ $\beta_{q}$ :
. $\chi(1)-P=pk$ .
. $\chi(z)=\ell$ $\gamma=0$ , $\chi(z)=\ell+p$ $\gamma=1$ .
$\bullet(J\in G-Z$ $\beta_{g}=\#\{\tau\in Z|\chi(.r/x)=\ell+l’\}$ .
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,$|G|=(\chi(1)-l)(\chi(1)-\ell-p)=p^{2}k(k-1)$ (2.4)
. , $q\in\pi(k)-\{p\},$ $r\in\pi(k-1)-\{p\}$
$G$ $qr$ .
2. :
(1) $\psi(1)=\ell+k+(p-1)\gamma$ , $\theta_{i}(1)=k-\gamma$ .
(2) $\psi(g)=\ell+\beta_{g}$ $g\in G-Z$ .
(3) $o(x)|k$ lJ- $T,$ $(\neq 1)$
$\chi(x)=\ell$ , $\beta_{x}=(p-1)\gamma$ , $\theta_{1}(x)=-\gamma$ .
(4) $o(x)|k-1$ $P$’- $x(\neq 1)$
$\chi(x)=\ell+p$ , $\beta_{x}=1+(p-1)\gamma$ , $\theta_{1}(x)=1-\gamma$ .
, $\psi$ $\beta_{g}$ . , $\psi$
$G-Z$ $p+1$ . , $p’$ - $x\neq 1$ $\psi,$ $\theta_{i}$
, $o(x)$ $k,$ $k-1$ . .
3. :
(1) $\gamma=0$ , $\theta_{1}$ $G$ principal p-block .
(2) $\gamma=1$ , $’\psi$ $G$ principal ;p-block .
$O_{p’}(G)=1,$ $O_{p’}(G/Z)=1$ .
$\sum_{x}\psi(x)$ ( , $x$ $p$’- ) ,
$Ker\psi$ $Ker\theta_{i}$ $p$- . ,
$\psi,$ $\theta_{i}$ $p$’- .
2.2 $G/1Z$
, 4] $\phi$ $p$- $g_{1},$ $g_{2}$ $\phi(g_{1})\equiv\phi(g_{2})(mod p)$ .
$’\psi$ , $L(\cdot\psi)\subseteq\{\ell, l+1, \ldots, l+p\}$ .
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4. :
(A) $\exists c\in\{1,2, \ldots, p-1\}$ ; $\beta_{g}=C$ for all p-elements $g\in G-Z$ ,
(B) $\beta_{g}\in\{0, p\}$ for all p-elements $g\in G-Z$ .
, (A) $\Leftrightarrow p^{3}\{|G|$ .
(B) , $p$ $k-\gamma$ . , $\{k, k-1\}$ $k-\gamma$
$k+\gamma-1$ . ,
- . (A), (B) $\overline{|}|$ :
5. $p^{3}$ $\dagger$ $|G|$ . , $k(k-1)$ $q$ , $G/Z$ $pq$
.
6. $p^{3}||G|$ . , $k+\gamma-1$ $q$ , $G/Z$ $pq$
.
, $G/Z$ $\Gamma(G/Z)$ . Williams [7] ,
(a) Frobenius or 2-Frobenius,
(b) non-abelian simple,
(c) an extension of a $\pi_{1}$ -group by a simple group,
(d) an extension of a simple by a $\pi_{1}$ -group,
(e) $\pi_{1}$ by simple by $\pi_{1}$
. $\pi_{1}$ 2 .
(a), (c), (e) 7 . , $c,/z$ (b),
(d) .
3.
$\overline{G}=G/Z$ . , $\overline{C_{I}}$ (a) $\sim(e)$
. .
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Case 1. $\overline{G}$ (a), (c), (e)
, $\overline{G}$ $\overline{N}$ $\Gamma(\overline{G})$ $\pi$
$p\in\pi(\overline{N})\subseteq\pi$ (3.1)
. $|G|$ $p^{3}$ , 2.2 5 $\pi=\{p\}$ ,
$|\overline{N}|=p$ . , $|G|$ $p^{3}$ ( ) $\overline{N}$ $P$-
. , .
7. $\overline{G}$ (3.1) $\overline{N}$ , :
(1) $\overline{N}$ $p$- , $|\overline{N}|\in\{p, p^{2}, k\}$ .
(2) $k\not\in\{2,4, p\}$ , $|\overline{N}|=k$ .
, $\overline{N}$ $\pi_{1}$ - , $\overline{G}$ (c), (e) . $\overline{G}$
Frobenius 2-Frobenius . , 1 (1), (2), (7) .
Case 2. $\overline{G}$ (b), (d)
, $\overline{G}$ $\overline{S}$ $\pi_{1}$ - .
$|\overline{S}|_{\pi_{1}}||\overline{G}|_{\pi_{1}}$ , $|\overline{S}|_{\pi_{1}’}=|\overline{G}|_{\pi_{1}’}$ (3.2)
. , $\pi_{1}$ $\Gamma(\overline{G})$ , $\overline{S}$
.
$\pi_{S}:=\Gamma(\overline{S})$ 2 (3.3)
. $\pi_{S}\subseteq\pi_{1}\cap\pi(S)$ $\pi_{1}’\cap\pi(S)\subseteq\pi_{6^{\urcorner}}’$ .
, $O_{p’}(\overline{G})=1$ $p\in\pi(6^{\overline{1}})$ , $p$ $|6^{\overline{1}}|$ . , $\Gamma(\overline{G})$
$k$ $k-1$ , $|\overline{G}|_{\pi_{1}}$ $pk$ $p(k-1)$
. , $|\overline{G}|_{\pi_{1}’}(=|\overline{S}|_{\pi_{1}’})$ $k-1$ $k$
. , $k_{0}\in\{k, k-1\}$
$|6^{\overline{Y}}|_{\pi_{S}}|pk_{0}$ , $k_{0}\pm 1||\overline{S’}|_{\pi_{\acute{S}}}$ (3.4)
, $p$ $k$ $6^{\urcorner}-$ .
, (3.4) $6^{\overline{v}}$ .
179
8. $S$ , $\pi_{S}$ $S$ $\Gamma(S)$ 2
. $S$
$\frac{|6^{\gamma}|_{\pi_{5}}\llcorner}{m_{c}\iota x\pi_{S}}r\leqq|S|_{\pi_{S}’}\backslash +1$ . (3.5)
. $S\in$ {A $l_{11_{\dot{J}}^{\lrcorner}}\vee I_{22,\backslash }\prime_{1}$ . PSL(2. $q)$ , PSL(3,4), $Sz(q)$ } .
, Williains [7] Iiyori-Yamaki [4]
. $\overline{S}$ . $\overline{S}\not\cong PSL(2, q)$ , Sz $(q)$
$G$ .
$\overline{S}\cong$ PSL $($ 2, $q)$ , Sz $(q)$ . $G$ $|Z(G)|=I)$
. PSL(2, q) $(q\neq 9)$ , Sz $(q)$ Schur multiplier
2- , $\overline{S}\not\cong$ PSL(2, 9) $Z$ $G$ .
, $G$ . 1 .
4. $\ell\not\in\{-1,p-1\}$
, $\ell\in\{-1,1-I^{J}\}B)$ $Z(G)>1$ type $\{\ell_{\dot{\ovalbox{\tt\small REJECT}}}\ell+p\}$
. , .
, $\ell\not\in\{-1,1-I)\}$ .
$|Z(G)|=p$ , $Z(G)$ $p$-
. , $Z(G)$ $p$ $z$ 1 , $Z=\langle z\rangle$ .
2 , 1
$\chi\cdot=\psi+\theta_{1}+\theta_{2}+\cdots+\theta_{p-1}$ . (4.1)
$Z\leq$ Ker $’\psi,$ $\{\theta_{i}\}$ : Galois (4.2)
$\chi$ , $\psi$ ) $\theta_{i}$ . ,
3 . , $\ell\not\in\{-1, p-1\}$
. , :
9. $\psi,$ $\theta_{i}$ 2,$\cdot$ 4, 6 .
6 , $|G|$ $l)3$ $\Gamma(G/Z)$
, Williains $[$ 7] . $|$ $(, |$ $/)^{3}$
$\Gamma(G/Z)$ . .
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, 5 3 $\ell\not\in\{-1,1-p\}$
. $\theta_{i}$ :
10. $\theta_{i}$ , $k\rangle$ $|G|$ $p^{3}$ . , $q\in\pi(k-\gamma)$
$G/Z$ $pq$ . , $\Gamma(G/Z)$ .
, $\ell\in\{-2,2-p\}$ (2.1) $(\chi, \chi)c=2p-3$ ,
$\theta_{i}$ . , $\theta_{i}$ .
, .
, $\ell\not\in\{-1,1-p\}$ .
4. Aut ES $(p^{3},p^{2})$ type $\{-2, p-2\}$ .




. [6] , $Z(G)=1$ $|G|$ $p$
, .
$Z(G)>1$ , $Z(G)=1$ $G$
. , .
5. 3 $S_{6}$ $G=3.6_{0}^{\gamma}$ , type $\{-1,2\}$ $\chi$
. , $G$ $\Gamma(G)$ , $\chi=\chi_{1}+\chi_{2}+\chi_{3}$ ,
$\chi_{1}(1)=1,$ $\chi_{2}(1)=16,$ $\chi_{3}(1)=30$ .
6. ) $G$
. type $\{-p$ . $O\}$ $\tau$
. $p$ $N$
, $G$ type $\{-1, p-1\}$ $\chi$ .
$\Gamma(G)$ , $\chi=\lambda_{1}+\cdots+\lambda_{p-1}+\tau,$ $\lambda_{i}(1)=1$ (
$\Gamma(G)$ . .)
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7. $\Gamma(G)$ . 150 $G\cong E(5^{2}):D_{6}$ , 25
( 1 ) type $\{-1,4\}$ $\chi$ . ,




, 1 ( monolithic
group) , . type
$\{-1, p-1\}$ , $2p^{2}$
Frobenius .
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